Lithium metasilicate (Li2SiO3) has attracted considerable interest as a promising electrolyte material for potential use in lithium batteries. However, its electronic properties are still not thoroughly understood. In this work, density functional theory calculations were adopted, our calculations find out that Li2SiO3 exhibits unique lattice symmetry (orthorhombic crystal), valence and conduction bands, charge density distribution, and van Hove singularities. Delicate analyses, the critical multi-orbital hybridizations in Li-O and Si-O bonds 2s-(2s, 2px, 2py, 2pz) and (3s, 3px, 3py, 3pz)-(2s, 2px, 2py, 2pz), respectively was identified. In particular, this system shows a huge indirectgap of 5.077 eV. Therefore, there exist many strong covalent bonds, with obvious anisotropy and non-uniformity. On the other hand, the spin-dependent magnetic configurations are thoroughly absent. The theoretical framework could be generalized to explore the essential properties of cathode and anode materials of oxide compounds.
Introduction
Nowadays, the Li + based batteries (LIBs) 1, 2 have become one of the mainstream systems in the material basic science 3 , engineering, and applications, mainly owing to the diverse geometric 4 , electronic 5 , and transport properties 6 . They are principally composed of the electrolyte 7, 8 , cathode 9 and anode materials 10 . All in all, each component possesses unusual geometry with a very large primitive unit cell, directly reflecting the complicated chemical bondings. The greatly modulated bond length could be regarded as a very important common characteristic. They should be the critical condition in searching for the optimal match of three kinds of core components.
Seemingly, how to achieve the best LIBs with the highest performance, is a unified engineering issue 11 . LIBs are widely utilized in many electronic devices, e.g., cell phones, laptops, iPods, cars/buses 3 , and radios 11 . Their main features include high capacity 10 , large output voltage 12 , long-term stability 11 , and friendly chemical environment 13 .
The crucial mechanisms of LIBs are characterized by the unique charging and discharging based on the exchange of Li + ions. Indeed, Li+ ion transports occur at any time during the charging/discharging processes by the path of the cathode (right-hand arrow), electrolyte (right-hand arrow), anode/anode (right-hand arrow), electrolyte (right-hand arrow), and cathode 14 . Specifically, a separator membrane 15 is inserted to avoid the internal short circuit and only accept the smallest Li + to freely pass the positive and negative electrodes 5 . The two electrodes are linked externally to an electric supply after the initial charging process, in which electron carriers rapidly escape from the cathode and are transported by the external lead to the anode, leading to the creation of a charge current 1 . To keep the electric neutrality, Li + ions are rapidly transported along the parallel direction internally from the cathode to the anode by the solid/liquid/gluon state electrolyte 16, 17 . With this efficient process, the external energy from the electrical supply is stored in the battery in the form of chemical energy. The opposite process, in which the electrons move from the anode to the cathode through the external lead and the Li + ions move back to the cathode via the specific electrolytes, can provide the electric power and thus do work on electronic devices 5 .
In this paper, the main focuses are the geometric symmetries and electronic properties of Lithium metasilicate (Li2SiO3). The first-principles method is available in delicately calculating the total ground state energy, lattice symmetry, distinct Li-O and Si-O bond lengths, the atom-dominated valence and conduction bands, the spatial charge density, and the atom and orbital-projected density of states. The spin-created phenomena, the spin-split band structure across the Fermi level, the net magnetic moment and the spin density distributions, will be thoroughly examined whether they could survive in this emergent material. These physical quantities are very important in achieving the critical multi-orbital hybridizations of two kinds of chemical bonds and the spin-dependent magnetic configuration. Most of the analysis difficulties arise from the very complicated orbitalprojected van Hove singularities, which is partially supported by the electronic structure and charge density distribution. The theoretical predictions on the optimal geometry, the occupied electronic states, and the bandgap and whole energy spectrum, could be tested from the high-resolution measurements of X-ray diffraction/low-energy electron diffraction 18 , angle resolved photoemission spectroscopy 19 , and scanning tunneling microscopy 20 , respectively. In addition, the close relationship between the numerical VASP calculations and the tight-binding model is discussed in detail.
Computational details
The rich and unique geometric structure and electronic properties of Li2SiO3 compound were carried out using the density functional theory (DFT) [21] [22] [23] [24] implemented by the Vienna ab initio simulation package (VASP). The many-body exchange and correlation energies, due to the electron-electron Coulomb interactions, are investigated from the Perdew-Burke-Ernzerh functional (PBE) 25 within the generalized gradient approximation. Moreover, the projector-augmented wave (PAW) 26 pseudopotentials are available in characterizing the significant electron-ion scatterings. Of course, those two critical interactions have no exact solutions in the analytic forms. Therefore, it is difficult to carry out an accurate diagonalization of the many-particle Hamiltonian 18 . Plane waves, with a kinetic energy cutoff of 500 eV, chosen as a basic set 18 would make it more convenient and reliable to solve for the Bloch wave functions and band structures. The first Brillouin zone is sampled by 7x7x7 and 20x20x20 k-point meshes within the Monkhorst -Pack scheme 27 for geometric optimization and electronic energy spectrum, respectively. These wave-vector points should be sufficient in calculating the suitable orbital-projected van Hove singularities, spatial charge distributions, and spin density configurations. Besides, the convergence condition of the ground-state energy is set to be 10 -5 eV between two consecutive simulation steps; furthermore, the maximum Hellmann-Feynman force acting on each atom is smaller than 0.01 eV under the ionic relaxations. The accurate VASP calculations are very useful in thoroughly exploring certain physical quantities, e.g., the atom-induced valence and conduction bands, the spatial charge densities due to chemical bondings, the atom and orbital-projected density of states, the atom-dependent spin configurations, the spin-split or degenerate states across the Fermi level, and the finite or vanishing magnetic moments. Most importantly, the optimal geometric parameters in Table 1 (Figures S1 (a)-S1 (g)). Li, Si, and O atoms are denoted by the green, purple and red balls, respectively. The above-mentioned real-space lattice gives rise to the orthorhombic first Brillouin zone shown in Figure 3 , in which the high symmetry points are very useful in characterizing the electronic energy spectra and states. They include Γ (0.00, 0.00, 0.00), X (0.33, 0.33, 0.00), S (0.00, 0.50, 0.00), Y(-0.50, 0.50, 0.00), T (0.50, 0.50, 0.00), Z (0.00, 0.00, 0.50), A (0.33, 0.33, 0.5), and R (0.00, 0.50, 0.00). The high resolution X-ray elastic scatterings 18 and low-energy electron diffractions (LEED) 18 
Electronic properties
The Lithium metasilicate presents rich and unique electronic properties. The electronic band structure as clearly illustrated in 4 (c) and 4 (d) . Specifically, the oxygen atoms dominate all the valence and conduction states, since they are associated with the entire chemical bonds. On the experimental side, high-resolution ARPES 18 is the only method for examining the wave-vector dependence of occupied electronic states, with the diversified energy dispersion relations in semiconductors/metals 35 . It is also well known to be very successful for various condensed matter systems, such as the sp 2 based carbon materials 36, 37 , three dimensional LiXO ternary compounds 38 , superconductors 39 , and group-IV, group-V layered systems 40, 41 . Very interestingly, a lot of ARPES experiments have verified the valence-band energy spectra of emergent graphene-related systems, being initiated from the K/K' or Γ valleys. For example, there exist the linear Dirac-cone structures in monolayer/twisted bilayer graphenes 42 and monolayer graphene 43 , the parabolic/parabolic and linear bands in bilayer/trilayer AB stackings 44 , the linear, partially flat and Sombreroshaped energy spectra in tri-layer ABC stacking 45 , the monolayer and bilayer-like behaviors in AB-stacked graphite 46 , and the energy gap and parabolic bands of one dimension graphene nanoribbons 47 . Only monolayer graphene and one dimension materials belong to zero or finite-gap semiconductors 48, 49 . Apparently, the unusual electronic properties directly reflect the pure and unique systems, being initiated from unique interlayer 2pz-2pz orbital hybridizations in the normal/enlarged/reduced honeycomb lattices 37 . The diverse behaviors are also confirmed by tight-binding model 45 (Table 1) . For a wide-gap three dimensional Li2SiO3 compound, the density of states per unit cell is vanishingly small within a large energy range of Eg ≈ 5.077 eV centered about the Fermi level (the black curve) in Figure 6 (a) . The outstanding insulation property may on pose a problem for further STS measurements (later discussions) 50 The enlarged density of states for Li-2s orbitals can provide the 5 clear van Hove singularities and illustrates its weak, but significant feature in Figure 6(b) . The observable contributions are obviously revealed in the half-occupied four orbitals of silicon atoms (Figure 6(c) ), in which their differences only reflect the strong anisotropy in a primitive unit cell (Figure 2) .
Most importantly, only three orbitals of O-(2px, 2py, 2pz) make comparable and dominating contributions (Figure 6 (d) 
